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SPECIFICATION FOR 

GASSING OF INSULATING LIQUIDS UNDER 

ELECTRIC STRESS AND IONIZATION 

PART 2 METHOD OF DETERMINATION OF GASSING 
RATE UNDER NITROGEN ATMOSPHERE 

0. FOREWORD 



0.1 This Indian Standard ( Part 2 ) was adopted 
by the Bureau of Indian Standards on 22 August 
1988 after t^ draft finalized by the Liquid and 
Gaseous Dificctrics Sectional Committee had 
been approved by the Electrotechnical Division 
GounciL 

0.2 The electrical performance of oil impregnated 
paper insulation used in transformers, cables or 
capacitors is strongly affected by the presence of 
small gaseous bubbles which can give rise to 
partial discharges eventual insulation breakdown. 
Therefore, gassing properties of insulating 
liquids, that is, the tendency to absorb or evolve 
gases have been recognized as factors of major 
importance to characterize the dielectric liquids 
used as impregnant in oil paper insulation, 

0.3 The gassing behaviour of any liquid is pri- 
marily a function of its chemistry but change in 
certain test parameters can modify the result 
significantly. 

The transaction from gas absorption to gas 
evaluation can occur at different temperatures and 
applied voltage for different oils. 

Although there is some controversy about the 
relevance of gassing cell tests to ionization con- 
dition in electrical equipment under operation, 
it is generally agreed that gas absorbancy of the 
impregnant is an essential requirement for mini- 
mizing ionization problems in impregnated in- 
sulation system used at high electrical stress. 
However, correlation of gassing cell test results 
with equipment performance is limited. 

0.4 This standard describes procedures to measure 
the tendency of insulating liquids to evolve or 



absorb gas when subjected to electrical stress of 
sufficient intensity to cause an electric discharge 
through a gas phase in which a gas-oil interphase 
is located, 

0.4.1 Gassing of insulating liquids can be 
determined by two methods, each using a separ- 
ate set of apparatus. 

0.4.2 This standard ( Part 2 ) describes the 
method to determine the gassing characteristics 
of an insulating liquids under nitrogen atmosphere 
and expresses the result in terms of the change in 
gas volume after a specified test period. 

0.4.3 Part 1 of this standard describes the 
method to determine the gassing tendency of an 
insulating liquid under hydrogen atmosphere and 
expresses the results in terms of gassing rate over 
a relatively short test period. 

0.4.4 The use of this method with other liquids 
may require some adaptations in dimensions of 
the gas cell. 

0.5 In the preparation of this standard, assistance 
has been derived from lEC Document 10 A 
( Central OfRce ) 53 Draft, *Gassing of insulating 
liquids under electrical stress and ionization', 
issued by the International Electrotechnical 
Commission ( lEC ). 

0.6 In reporting the results of a test or analysis 
made in accordance with this standard, if the 
final value, observed or calculated is to be rounded 
off, it shall be done in accordance with 
IS : 2-1960*. 



♦Rules for rounding off numerical values ( reviud ). 



I. SCOPE 

1,1 This standard ( Part 2 ) covers the method 
to determine whether insulating liquids are gas 
evolving or gas absorbing under the test con- 
ditions when subjected to electric stress of suffi- 
cient intensity to cause an electric discharge 



through a gas phase in which a gas-oil interface 
is located under a nitrogen atmosphere. 

2- TERMINOLOGY 

2*1 For the purpose of this standard, the defini- 
tions given in IS : 335-1983* shall apply, 

♦Specification for new insulating oils ( third revision ). 
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3. GENERAL TEST CONDITIONS 

3.1 In this method, the quantity of gas absorbed 
or evolved is obtained of mm changes in gas 
volume. The test duration in this method is much 
longer and also the gas volume in contact with 
liquid in the cell is limited. Due to this, the gases 
which evolved at early stages can substantially 
modify the chemical nature of the gas phase 
thereby influencing the gassing rates. 

The gassing cell and the insulating oil sample 
should be dried, degassed and saturated with 
nitrogen, then the oil and the nitrogen pocket 
above the oil are subjected to radial electrical 
stress under the following conditions: 



Tube length 

Tube inside diameter 

Tube outside diameter 



750 mm 
0*4 mm 
I'l mm 



Voltage 


: 12 kV 


Frequency 


: 50 Hz 


Temperature 


: 80 ± rC 


Test duration 


: 18 h 


APPARATUS 





4.1 Gassing Cell and Burette Assembly — 

The gassing cell shown in Fig. 1 with dimensions 
as given in Fig. 2 'and Fig. 3 is made out of 
borosilicate glass with following dimensions. 

Tube length : 180 ± 1 mm 

Tube inside diameter : 16 00 i 02 mm 
Tube outside diameter : 20*80 ± 0*02 mm 

The outer electrode ( high voltage ) is made 
of aluminium foil of 0-1 mm thickness and 1 10 mm 
width. The foil is wound around the tube and is 
fixed by a suitable plastic adhesive tape so that it 
will embrace the glass cell very tightly. The high 
voltage supply is connected to the foil by a brai- 
ded copper lead. 

The inner electrode ( earth ) is made of tool 
steel and is earthed by a braided copper lead. 



4.2 Gas Burette 

a) Volume 

b) Outside diameter 

c) Inside diameter 



; 20 cm3 ( within etched 
scale ), 

; 13 mm ( graduated in 
01 cm8), and 
: U'O ± 0-5 mfti 



4.3 Connecting Hose — Made out of fluorinated 
elastomer for connecting inner electrode to the 
gas. 

Hose length : 150 mm 

Hose inside diameter : 6 mm 
Wall thickness : 2 mm 

4.4 Capillary Tube — Made out of polyethylene 
and used for introducing test gas ( Nj ) into the 
gassing cell. 



4.5 Heating Device — A transparent bath filled 
with silicone liquid is kept on a hot plate ( ther- 
mostatically controlled ) with magnetic stirrer. 
The temperature of the bath should be main- 
tained at 80 ± 1°C. The bath should be equipped 
with suitable supports for holding the gassing cell 
apparatus. 

4.6 Transparent Safety Shield — Fitted with 
safety electrical interlock switches to protect the 
operator from parts under high voltage. 

4.7 Glass Syringe — Volume 5 cm^. 

4.8 Holding Device ( see Fig. 4 ) — Preferably 
made of resin-bonded laminated paper with 
polyamide screws |Or of polymethylemethacrylate 
resin, for holding the test tube: 

a) during the filling and assembly of the whole 
apparatusin the inverse position, and 

b) during the test, in the normal position In 
the oil bath. 

The holding device shall be equipped with 
guides and a resilient mounting for the gassing- 
cell, with a spring-loaded thrust plate and a re- 
tainer to hold it in a correct central position, and 
with guides and sockets for the high voltage and 
earth potential leads. The design shall be such as 
to withstand a voltage of 20 kV between high 
voltage and earth sockets. 

4.9 High Voltage Transformer — The trans- 
former and its controlling equipment shall be of 
such size and design that, with a filled gassing- 
cell in the circuit, the peak factor of the voltage 
( ratio of peak to rms voltage ) shall not differ by 
more than ± 5 percent from that of a sinusoidal 
wave while maintaining 12 kV ( rms ) ^ 2 
percent. 

4.10 Thermometer — Any convenient ther- 
mometer for measuring temperature up to 100 *^C. 

5. REAGENTS 

5.1 Ijljl-trichloroethane ( technical grade ), 

5.2 n-heptane ( analytical grade ). 

5.3 Nitrogen, oxygen cement less than 10 mm^/ 
dm^ and water content less than 2 mm^/dm^, from 
a cylinder with 2 stage pressure reducer and a 
fine flow regulator. 

6. PREPARATION OF APPARATUS 

6.1 General Remark — As the gassing tendency 
of liquids may be strongly influenced by solvents, 
it is important that no traces of solvent remain 
afier the cleaning process. 
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1. Centring cone 

2. Glass cell 

3. Outer electrode ( AI foil ) 

4. Inner electrode 

5. Gas pocket 

6. Oil level 

7. Oil specimen 

8. Burette 

9. Sealing rings 

10. Oil duct 

11, Connection tube 



Fig. 1 Gassing-Cell and Burette Assembly 
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Ail dimensions in millimetres. 
Fig. 2 Gassino-Cell 

6.2 Dismantle the gassing-cell and burette, 

6.3 Clean the test tube, the inner electrode, the 
gas-burette and the connecting tube by rinsing 
them inside and outside first with 1, 1,1-trich- 
lorocthane, and then with n-heptane. 

Normally, the inside of the test tube shall be 
scrubbed with a stiff polyamide brush to remove 
waxy deposits from the previous test. Moreover, it 
is useful to polish the surface of the inner elect- 
rode carefully from time to time with buffing 
compound and then with tissue paper moistened 
with 1,1,1-trichloroethane, 

Rinse again first with 1,1,1-trichloroethane, 
then with n-heptane. 

Blow dry with dry compressed air and com- 
plete drying in an oven at 80°C, 

6.4 Glean the syringe with n-heptane and then 
blow dry with dry compressed air. 

7. PROCEDURE 

7.1 Wrap the high-voltage electrode round the 
outside of the glass cell and fix it with suitable 
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All dimensions in millimetres. 
Fro. 3 Inner Electrode 

adhesive tape. The electrode shall embrace the 
glass cell tightly and its top edge shall terminate 
level with the top edge of the end plate of the 
glass cell ( see Fig. 5 ). 

7.2 Insert the glass cell vertically in the holding 
device with the open end up. 

7.3 Fit the connecting hose on to the gas-burette 
and the inner electrode and secure it with 
clamping rings. 

Insert the capillary tube into the burette and 
push it through until it projects out of the mouth 
of oil duct of the inner electrode and extends to 
the electrode. 

7.4 Filter about 50 cm^ of the oil sample through 
a previously dried filter paper and rapidly intro- 
duce 20 cmS of the filtered oil into the glass cell. 

7.5 Carefully insert the inner electrode to the end 
plate of the tube in such a way that the oil slowly 
rises through the oil duct in the inner electrode 
and connecting hose into the burette. 

The capillary tube (je^7.3) shall extend to the 
bottom of the test tube. 
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'Burette clamps 



'Spring-loaded thrust plate 



Internal bush with pin 



Retainer slotted, insertable 



FiQ. 4 Holding DaviCE, Preferably Made of Resin-Bonbed Laminated Paper Connected 
BY Means of Countersunk Polyamide Screws 




/ 



Placing of oil sample in 
position ) 



the glass cell ( filling 



Entering the inner electrode ( with connecting hose, 
burette and capillary ) 

Saturation with test gas 

Turning the holding device upside down ( test 
position ) 

Introducing the testing gas through capillary tube 

Inserting the test set-up in the thermostat bath; 
making the potential connections 



Glass cell 

2. Testing oil 

3. Inner electrode 

4. Connecting tube 

5. Burette 

6. Capillary 

7. Spring«loaded 
thrust plate 



8. Retainer 

9. Holding device 

10. Outer electrode 

11. To gas supply 

12. Testing gas 

13. High-voltage leads 

14. Earth potential 

15. Oil bath 
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Fig. 5 Sghematig Representation of the Test Preparations ( Drawings are not to Scale ) 
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Clamp the gas-burette to a tripod so that the 
entire set-up is in a vertical position with the 
burette at the top and the cell and electrodes at 
the bottom. Then pour 5 cm^ of the filtered oil 
into the burette by means of a syringe, 

7.6 Connect the free end of the capillary tube to 
nitrogen supply. Before doing this, thoroughly 
purge the connecting line with nitrogen. 

7.7 Saturate the oil with dry nitrogen at a flow 
rate of 3 dm^/h for 1 h and at room temperature. 
After that, shut off the nitrogen supply and care- 
fully remove the nitrogen bubbles remaining in 
the test tube, the oil duct and the connecting hose 
by repeatedly squeezing the connecting hose. 

7.8 Disconnect the burette from the tripod without 
separating the nitrogen connections. 

Clamp the glass cell with the inner electrode 
to the holding device by means of the retainer 
and then turn the holding device upside down, 
keeping the gas-burette vertical. Then clamp the 
burette to the holding device. 

7.9 Record the oil level in the burette. 

Inject 3 cmS of nitrogen directly from the 
nitrogen supply through the capillary tube into 
test tube, recording the volume injected from the 
indication on the burette. 

Then remove the capillary tube. 

7.10 Connect the high-voltage socket { on the 
holding device ) to high-voltage electrode and the 
earth potential socket ( on the holding device ) 
to the shank of the inner electrode by means of 
braided copper leads and clamp the latter in 
position, 

7.11 Place the test apparatus in the oil bath at 
room temperature ( see Note ), and raise the 
temperature in about 1 h to the test temperature 

{ 80°± 0'5^C). 

Note — Do not place the test apparatus in a hot 
bath, otherwise the glass might break. 

7.12 About 1 h after the test temperature has 
been reached, that is, on further change is notice- 
able in the oil level, record the oil level in the 
burette ( a cmS, time t^ ) . 

Connect the high-voltage and earth potential 
leads. 

Place the safety shield in position and then 
apply a voltage of 12 kV. 

7.13 After 18 h, record again the burette level 
( b cm3, time ^i ) , 

7.14 Disconnect the test voltage, switch off the 
heater and start the circulating cooling system. 



7.15 Before taking the test apparatus out of the 
oil bath, allow to cool to a temperature below 
40°G. 

Note — Do not remove the test apparatus from 
the hot bath, otherwise the glass might break. 

8. CALCULATION OF RESULTS 

8-1 Calculate the degree of gassing in the pre- 
sence of nitrogen according to the following 
formula: 



G ^ {a — b) X 



101-3 



where 



G «=» gassing tendency in cubic centi- 
metres, 
a = burette reading at the beginning 
of the test ( time ^o ) i^ cubic 
centimetres, 

b = burette reading at the end of the 
test ( time /j ) in cubic centi- 
metres, and 

P = barometer reading in kPa. 

The value G will be positive if gas is evolved 
and negative if the gas is absorbed. 

Note — The stressed volume in the specified cell 
is about 10 cm^. Accordingly, test results can range be- 
tween — 3*0 and +7*0 cm'. 

9. NUMBER OF TESTS 

9.1 Tests should be run in duplicate. 

10. REPORT 

10.1 It shall include the following: 

a) Gassing tendency ( cmS ), mean value of 
duplicate tests; 

b) Test voltage, test temperature; and 

c) Test period, gas phase, etc, 

11. PRECISION 

11.1 It is not yet adequately defined. However, 
the following figures may be considered indicative 
for judging the acceptability of the results. 

11.1.1 Repeatability — Replicate results by the 
same operator should not be considered suspect 
unless they differ by more than 05 cm3. 

11.1.2 Reproducibility — The results submitted 
by each of the two laboratories should not be 
considered suspect unless they differ by more than 
1 cm3. 
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